Abstract. Adenoid cystic carcinoma (ACC) of the breast is a rare tumor comprising <0.1% of all breast malignancies. The present study reports the case of a 66-year-old woman who underwent multiple imaging techniques, including mammography, ultrasonography and magnetic resonance imaging (MRI). The patient reported gradual enlargement of a mass in the left breast. Mammography identified a high-density, irregular mass, with nipple retraction. Ultrasonography revealed an irregular, complex cystic and solid mass with an unclear margin in the subareolar region. The internal vascularity was seen on Doppler examination. The lesion on MRI was also mixed cystic and solid, with an irregular shape and irregular margins. The solid part of the lesion appeared heterogeneously isointense on T1-weighted imaging (WI) and a slightly high signal on T2WI, and exhibited internal septations with a low signal on T2WI. Following injection of contrast agent, the enhancement of the solid part was rapid and heterogeneous. The cystic parts of lesion appeared as high-signal on T1WI and T2WI. The tumor infiltrated the left nipple and adjacent skin. The patient underwent a left modified radical mastectomy with axillary lymph node dissection. The pathological examination confirmed the tumor as ACC of the left breast. The axillary lymph nodes were negative for tumor metastasis. Therefore, the differential diagnosis of mixed cystic and solid breast masses with unclear margins and internal septations on T2WI exhibiting delayed enhancement, must include ACC.
Introduction
Adenoid cystic carcinoma (ACC) usually occurs in salivary glands, but it has also been described in other organs, including the breast, trachea, uterine cervix, larynx and Bartholin's glands (1) (2) (3) (4) (5) . However, ACC of the breast is rare (6); thus, there are only a few published studies describing the findings of multiple imaging techniques, and non-specific imaging characteristics have been found on mammography and ultrasonography (7, 8) . The aim of this study was to present a rare case of proven ACC of the breast and describe its imaging characteristics.
Case report
In April 2016, a 66-year-old woman was admitted to the Sun Yat-sen Memorial Hospital (Guangzhou, China) with a mass in the left breast that had been present for 4 years. The patient reported gradual enlargement of this mass over the last 2 months. Breast examination revealed a palpable mass in the subareolar region measuring 5.0x5.0 cm, with nipple retraction. There was no abnormal nipple discharge or skin redness. Axillary and subclavicular lymph nodes were not palpable. Mammography identified a 6.8x5.0 cm, high-density, irregular mass, with nipple retraction (Fig. 1) . Ultrasonography revealed an irregular mass sized 5.0x4.3x5.0 cm, without a clearly circumscribed margin, in the subareolar region. The internal echo of the mass was mixed cystic and solid, with partial enhancement of the posterior echo (Fig. 2) . On Doppler examination, internal vascularity was seen. The patient underwent a contrast-enhanced bilateral breast magnetic resonance imaging (MRI) examination in the prone position. The MRI revealed a left breast mass sized 6.3x4.6x6.2 cm. The mass appeared to have an irregular shape and irregular margins. The lesion was mixed cystic and solid. Compared with normal glandular tissue, the solid part of the lesion appeared heterogeneously isointense on T1-weighted imaging (WI; Fig. 3A) , with a slightly high signal on T2WI (Fig. 3B) . Furthermore, the solid part of the lesion included internal septations with a low signal on T2WI (Fig. 3B) . Following injection of contrast agent, the enhancement of the solid component was rapid and heterogeneous (Fig. 3C) . The cystic parts of lesion appeared as high-signal on T1WI and T2WI, and two layers were observed Ultrasound-guided 14-gauge core biopsy was performed with a BARD biopsy instrument. On microscopic examination, the tumor cells were arranged in a tubular or cribriform pattern, and exhibited consistent size, small nuclei and nuclear fission. The findings of the histopathological evaluation of the specimens conformed to those of invasive carcinoma, and suggested the possibility of ACC. On immunohistochemistry, the tumor cells were negative for progesterone receptor (PR) and human epidermal growth factor receptor 2 (HER2), but positive for estrogen receptor (ER) (focally, 1% positive) and CD117. Due to the large size of the mass, the patient underwent left modified radical mastectomy with axillary lymph node dissection. The breast specimen measured 17x14x5.0 cm and contained a mixed cystic and solid, poorly defined mass measuring 4.5x4.5x3.0 cm. The solid part of the lesion was grey-white and grey-red. Grey-red papillary projections and a hematoma were observed in the cystic cavity. The pathological examination of the specimen identified the tumor as ACC of the left breast. The resected lymph nodes were negative for tumor metastasis. Since the ER was 1% positive, treatment with tamoxifen (20 mg/day) for 5 years was decided upon, but was discontinued after 2 months, as the patient was unable to afford treatment. No chemotherapy or radiotherapy have been performed to date. At the last follow-up visit (May 29, 2017), the patient remained free of locoregional recurrence and distant metastases. The patient provided a signed informed consent regarding the publication of the case details and associated images.
Discussion
ACC was first described by Billroth in 1856 and was characterized as 'cylindroma' (9). Geschickter and Copeland referred to this tumor as 'adenocystic basal cell cancer of the breast' in 1945, acknowledging its eccrine gland origin and slow growth (10) . ACC of the breast is a particularly rare tumor, comprising <0.1% of all breast malignancies (6) , and it occurs mainly in women during their fifth and sixth decades of life (11) . Consistent with the current literature, our patient was 66-year-old. The most common clinical manifestation of ACC of the breast is a soft mass, commonly located in the subareolar area (6) , as was the case in our patient. Multiple cytoarchitectural patterns have been reported (cribriform, tubular, trabecular and solid), and a mixture of different growth patterns is generally observed (12) . In the present case, the tumor cells exhibited tubular or cribriform arrangement. ACC of the breast is frequently negative for ER and PR, as well as HER2 gene amplification (triple-negative) (6). However, ER-positive and PR-positive ACC has also been reported (13) . In the present study, the patient was PR-and HER2-negative, but focally (1%) positive for ER. The significance of the positive hormone receptor status is not known, and it may be associated with a non-pure ACC or an invasive cribriform carcinoma with a significantly worse prognosis. The tumor in the present case exhibited diffuse CD117 positivity. CD117 is typically positive in ACC, and it is used to differentiate ACC from conventional breast carcinomas (14) . ACC has been reported to have an excellent survival rate, despite its malignant nature, with distant metastases and involvement of the axillary nodes being exceedingly rare (15) .
On mammography, the majority of the ACCs of the breast present as high-density masses with irregular or lobulated shape and indistinct margins, which have been described as malignant-appearing (8, (16) (17) (18) (19) ; these characteristics were consistent with our findings. The sonographic appearance of ACC has been described as a hypoechoic or heterogeneous mass with irregular, lobulated or oval contours and unclear margin (7, 8, 18) . In the present case, the shape and margins of the mass were consistent with previously reported cases, while the echo of the mass was different. The internal echo of the mass in the present case was mixed cystic and solid. One previous case also reported small cysts within in a rounded nodule (18) .
The MRI appearance of ACC of the breast remains controversial. Glazebrook et al (8) found that, on MRI, the masses appeared to have a lobulated or irregular shape, with spiculated margins. Two larger masses exhibited extensive hyperintensity on T2WI, with rapid and heterogeneous enhancement, which was consistent with our case. However, Tsuboi et al (20) and Tang et al (7) found that the majority of the cases had a benign appearance. In addition, Tang et al (7) found that all masses had internal septations with low signal on T2WI, and that the internal septations in the larger masses were enhanced in the delayed phase. Internal septations on T2WI were also observed in the present case, but exhibited heterogeneous enhancement. Tang et al (7) hypothesized that the internal septations observed on T2WI may correspond to stroma being embedded within the tumor islands. The internal septations may help to distinguish ACC of the breast from infiltrating ductal carcinoma and fibroadenoma of the breast. Some fibroadenomas display non-enhancing internal septations, while the internal septations of ACC have been described as delayed-enhanced, particularly in the larger lesions. Furthermore, the mass in the present study was mixed cystic and solid, and the cystic parts of lesion contained hematomas, which has not been previously reported.
In conclusion, ACC of the breast is a rare type of breast cancer, which may be difficult to distinguish from other types of breast lesions on mammography. The following signs may suggest the diagnosis: mixed cystic and solid mass with unclear margin on ultrasonography and MRI, and internal septations on T2WI that exhibit delayed enhancement on MRI (7) . A core biopsy may be required to confirm the diagnosis.
